glucosinolates [5] . These anions in our body are involved in many biological and medical functions, e.g., in cell growth stimulation, in immune response and in phagocytosis. Furthermore, in a different way the functioning of the thyroid gland is affected by SCN − , depending on the concentration. At low concentrations, it can stimulate the operation, while pathologically elevated concentrations inhibit the accumulation of iodine in the thyroid gland [5] . Thiocyanates concentration in the body is essentially dependent on the applied diet. The negative effect of thiocyanates can be observed in persons on the diet rich in cruciferous plants and low in iodide ions simultaneously.
Phytic acid occurs naturally and can be found mainly in grains, legumes, nuts and seeds oil plants [6] . Anti-nutritive activity of phytates is mainly linked to their strong chelating properties. Phytates exhibit a high affinity toward important for human body micro-and macroelements. They influence functioning of the enzymes necessary for proper digestion and also bind proteins reducing their availability for organism [6] . In conclusion, it can be suggested that anti-nutritional substances affect the organism mineral homeostasis, resulting in deficiencies of metal ions essential for the proper functioning of the human organism.
Oxalates can be determined by various analytical methods, such as: KMnO 4 titration [7] , high-performance liquid chromatography (HPLC) with UV detection [8] , HPLC with enzymatic detection [9] , capillary electrophoresis [10] , ion chromatography [11] , chemiluminescence [12] and spectrophotometry NIR [13] .
Spectrophotometric determination of thiocyanates was described in numerous papers [14, 15] , whereas spectrofluorimetric method was studied by [16] . Ion-selective membrane electrode was used by [17] . Separation techniques such as: ion pair chromatography [18] , capillary electrophoresis [19] or micellar electrokinetic capillary chromatography [20] , were applied as well.
Determination of phytic acid in food was studied by volumetric titration [21, 22] , capillary isotachophoresis [23] and ion-exchange liquid chromatography [24] . Spectrophotometric [25] and synchronous fluorescence [25] were reported as well. Although various analytical techniques were applied for determination of these three analytes, there are no reports on their determination in the studied plants.
Increasing consumption of dietary supplements, herbs and herbal teas in Poland, advertised as health promoted or prophylactic compositions (e.g., due to the presence of antioxidants), is evident. However, besides the prohealthy components in the plant materials and supplements, the antinutritional and negative health effects compounds are also present. They may increase the risk of a number of ailments associated with impaired balance of macronutrients and trace elements in the human body, described above. Plants used in Traditional Chinese Medicine and Ayurveda (e.g., Andrographis paniculata, Angelica sinensis (Dong quai), Emblica officinalis (Amla, Amalaki), Withania somnifera (Ashwagandha), Polygonum multiflorum (FoTi), Bacopa monnieri (Brahmi), Pueraria lobata (Kudzu root), Cola accuminata, Curcuma longa, Ocimum sanctum, Mucuna pruriens, Garcinia cambogia, Panax ginseng, Bupleurum sinensis, Salviae miltiorrhizae, Schisandra sinensis, Terminalia arjuna) have been studied. These plants are also used in preparation of dietary supplements, herbal teas or used as pure herbs.
Considering to the above properties and because of in the literature there is a lack of information on the studied substances content in plants, it is necessary to determine the concentration level of oxalates, thiocyanates and phytates in the popular medicinal plants, herbs and dietary supplements. For this purpose, proposed, new and optimized methodology [ion chromatography (IC) technique] for simultaneous determination of studied anti-nutritional compounds has been applied. Additionally, oxalates and phytic acid were determined by titration, whereas thiocyanates by spectrophotometric method.
Materials and methods

Materials
Ashwagandha, Amla, A. paniculata (coded APl-S and APr-S, where l-leaves, r-roots and S-standard, because these samples were supplied from Standard, Poland), A. sinensis (AS), Bacopa monnieri (BM), Bupleurum sinensis (BS), Cola accuminata (CA), Curcuma longa (CL), FoTi, Garcinia cambogia (GC), Mucuna pruriens (MP), Ocimum sanctum (OS), Panax ginseng (PG), Pueraria lobata (PL), Salvia miltiorrhizae (SM), Schisandra sinensis (SS-S), Terminalia arjuna (TA) were purchased from Standard (Lublin, Poland), while A. paniculata APl-B was supplied from Biofaktor (Gorzów Wlkp., Poland) and Schisandra sinensis coded as SS-FL from FENG-LUKA (Goleniów, Polska).Oxalic acid (H 2 C 2 O 4 × 2H 2 O), phytic acid, potassium thiocyanate (KSCN) standard and trichloroacetic acid (TCA) were purchased from Sigma-Aldrich (Poland). Acetone, sulfuric acid (96 %), nitric acid (65 %), potassium manganate(VII), ferric chloride (FeCl 3 × 6H 2 O), EDTA, sodium hydroxide, sodium sulfate(VI), sulfosalicylic acid were supplied from Chempur (Poland). Every one of the standards and reagent were at analytical grade. Deionized water (conductivity <0.05 µS) was used to prepare solutions.
Apparatus
Ion chromatograph 883 Basic IC plus (Metrohm, Switzerland) was used for simultaneous determination of watersoluble oxalates, phytates and thiocyanates. UV-Vis spectra were recorded on a UV-Vis HELIOS α spectrophotometer (Unicam, Cambridge, UK) in 1-cm quartz cell.
Ion chromatography
For the qualitative and quantitative analysis of studied anions (C 2 O 4 2− , SCN − , phytates), ion chromatography method with a conductivity detector was used. Anion exchange column Metrosep A Supp 4-250/4.0, where polyvinyl alcohol quaternary amine was supplied in the solid phase. Column temperature was set at 25 °C. Isocratic conditions with 1.8 mM Na 2 CO 3 and 1.7 mM NaHCO 3 as mobile phase was adapted to resolution of a anti-nutritional substances. The injection volume was 20 µL, whereas total flow rate was 1 mL min
. Peaks were identified by retention time and by spiking extracts with standards of analyzed standards (especially in water-soluble oxalates and thiocyanates). Typical chromatograms for the separation of a anti-nutritional standards are shown in Fig. 1 .
The phytic acid calibration range was 0.10-5.00 mg mL , n = 5). The accuracy of the method was determined by adding appropriate amounts of standard solutions and calculating the mean recoveries 97.15 ± 0.12 %.
Determination of water-soluble oxalates and thiocyanates in the Asian plants was obtained by the standard addition method. The standard solutions (0.5, 1.0, 1.5, 2.5 and 3.0 mL) were added to sample and calibration curves recorded (five samples for each of the 20 extracts).
Extraction procedure: determination of anti-nutritional substances by IC
The grounded, dried samples (1.50 ± 0.01 g) of studied plant samples were extracted three times with 25 mL of deionized water by extraction in water bath (at 30 °C for 60 min). Next extracts were centrifuged (4500 rpm, 15 min). The supernatant solution was filtered, and then, the extract was taken directly to the appropriate chromatographic analysis. Before the injection, extracts were filtered through a MCE syringe filter (diameter 25 mm, pore size 0.45 µm).
Determination of water-soluble oxalates by titration
Modified titration method of determination of water-soluble oxalates was as previously described by Baker [7] . The grounded, dried samples (3.00 ± 0.01 g) of studied plant samples were extracted by 50 mL boiling distilled water and then stirred for 15 min on a shaker. To the centrifuge tube, 3.0 mL supernatant solution was collected; 1.75 mL of 5 % solution of calcium chloride and 1.75 mL of acetone were added and then were mixed and placed in the refrigerator. After 30 min, the resulting precipitate was centrifuged, next the supernatant was decanted, and the precipitate was quantitatively transferred to a conical flask with 10 % sulfuric(VI) acid solution and dissolved (90 °C). After dissolving, hot solution was titrated 0.0224 M solution of KMnO 4 to obtain a pink color continuing for about 1 min. 
Determination of thiocyanates by spectrophotometric method
The procedure of thiocyanate analysis based on a determination methodology described by Hovinen et al. [14] and van Staden and Botha [15] . The basis of spectrophotometric method is the reaction of SCN − with Fe 3+ . To prepare a standard curve in the range 1.0-10.0 µg mL −1 , the appropriate volume of standard solution was collected in volumetric flasks (volume 10 mL) and then 5 mL of 0.4 M solution of ferric chloride(III) in 2 MHCl and 5 % trichloroacetic acid solution were added. Absorbance was measured at λ = 470 nm, in time no more than 5 min after the addition of a solution of iron(III). In the resulting, the calibration curves equation was obtained y = (0.0682 ± 0.0014)x − (0.0037 ± 0.0087), (R 2 = 0.9994, RSD slope = 1.47 %, DL = 0.24 µg mL −1 , QL = 0.81 µg mL
, mean recoveries 97.73 ± 0.12 %) for five repeat measurements.
The grounded, dried samples (2.00-2.50 ± 0.01 g) of studied plant samples were extracted by 20 mL of 5 % TCA solution and shaken for 15 min. Then, the precipitate was centrifuged and filtered (filtrate was used in the analysis). Next, blank solution (filtrate + 2 mL distilled water), specific sample solution (filtrate + 2 mL solution of ferric(III) chloride in 2 M HCl) and reagent test [2 mL of distilled water and 2 mL solution of ferric chloride (III) in 2 M HCl] were prepared. On the basis of the average absorbance measured at λ = 470 nm for specific sample solution (A S ), blank solution (A B ) and reagent test (A R ) concentration of SCN − were determined in the samples using the dependence: A SCN − = A S − A B − A R . The absorbance of the reagent test was 0.266 ± 0.009, whereas absorbances for specific sample and blank solutions were characteristic of the individual plant extracts.
Determination of phytic acid by titration
Modified method of determination of phytic acid content was performed by the method described by García-Estepa et al. [22] and Febles et al. [21] , which was used to determine the amount of phytic acid in flours and cereal products. The grounded, dried samples (3.00 ± 0.01 g) of studied plant samples were extracted 20 mL of 5 % solution of Na 2 SO 4 in 0.4 M HCl, shaken for 60 min and then centrifuged for 15 min. After centrifugation, the whole extract was transferred to a conical flask and 20 mL 5 % Na 2 SO 4 in 0.4 M HCl, 20 mL Fe(III) solution, 20 mL 20 % solution of sulfosalicylic acid were added and the content was heated for 15 min in a water bath (80 °C). After the precipitation iron phytate on a cold and centrifugation, supernatant was diluted with deionized water. The pH was adjusted with 1 M NaOH to 2.5 and then heated to 70 °C and titrated with 0.01 M EDTA solution to pale yellow.
Statistical analysis
The mean differences were considered significant at the p < 0.05 level. One-way ANOVA, followed by Duncan test, was preformed to analyze the significant differences between data (p < 0.05) for oxalates, phytates, thiocyanates in the plant samples using Statistica (Windows software package, version 10.0 PL).
Results and discussion
Obtained results for determination of oxalates, phytates and thiocyanates are given in Table 1 , whereas exemplary chromatogram registered for Bupleurum sinensis is shown in Fig. 2 .
Soluble oxalates, thiocyanates and phytic acid in the tested plant materials were determined by ion chromatography method using modified procedure. The performed analysis was based on a comparison of retention times for the standard and the samples and the standard addition. In some cases, the resulting retention times differ by a few percent; however, the greatest differences were observed in the case of phytic acid. Phytic acid molecule has 12 protons removable, so that it can create 12 different anions (from mono-to dodeca-). Depending on the structure of their anions, retention time may be varied due to the different strength of binding to the stationary phase. Moreover, phytic acid anions exhibit greater mass than the phosphate anion PO 4 3− ; hence, inorganic phosphates do not interfere in determination of phytic acid by IC method.
Results, besides the phytates, were analyzed by ANOVA with Duncan's test, p < 0.05 (Table 1) . Concentration of phytates was expressed in mg/100 g d.m. (IC) but % (g/100 g) for titration method; hence, comparison of statistically differences was impossible. We used different letters (a, b) within the same column only for AP samples, but in the line letters x and y, which indicate significant differences between methods. Comparing the results for each anti-nutritional component, should be noted that in all cases statistically significant difference were observed. Only the oxalates content for Apl-B and APl-S (in the same methods, letters b ) and for thiocyanates analysis by both methods in AS and CL we observed statistically similar results. Based on the F-Snedecor and Student's t tests, it should be noted that the method IC characterized a higher precision and accuracy with respect to the reference methods (titration and spectrophotometric).
Analysis of the results given in Table 1 , we observed that for the studied Asian plants, the highest oxalate ion concentration in relation to the thiocyanates and phytic acid. Plant materials contain the least phytates. In every case, the relative standard deviation (RSD) was <7 %. which was used or the difficulty in observing the titration endpoint. Only for CL oxalates were not detected. Taking into account the results, it can be concluded that for the leaves higher amounts of oxalic acid in relation to fruits and roots were obtained. For the roots, we observed the lowest values. Additionally, the molar ratio of (COOH) 2 Content of phytic acid (0.42-16.13 mg 100 g −1 d.m. for the SS-S and Amla, respectively) determined by ion chromatography was the lowest in comparison with the thiocyanates and oxalates. In the SS-FL, phytic acid was not detected. Analyzing the results obtained for the titration (0.16-1.65 % for GC and PG), we get the results much higher than in the method of the IC.
Al-Wahsh et al. [27] using an enzymatic method marked oxalates content in 50 various herbs used in medicine and ten fresh fruits [27] . Adeniyi et al. [28] determined oxalates in selected Nigerian food samples (Solanum tuberosum L., Ipomea batatas L., Discorea alata, Dioscorea rotundata, Colocasia esculents L., Triticum vulgare, Soja hispida and Amarathus sp), resulting range from 20 to 92 mg per 100 g of fresh weight sample. Oranges, bananas, peaches and pears have been previously reported to contain within the range of 2-10 mg total oxalate/100 g fresh weight [9] . Al-Wahsh et al. [27] obtained the higher concentration values in comparison with these presented in manuscript (0.38-145.39 mg 100 g −1 d.m.,), but Honov and Hesse [9] , Adeniyi et al. [28] results were in the same concentration level. Researchers [29] determined glucosinolates in cabbage (68.6-238.8 µmol/100 g fresh wt), brussels (367-553 µmol/100 g fresh wt), collards (220.4 µmol/100 g fresh wt), broccoli (161.9-248.4 µmol/100 g fresh wt). The average levels of phytic acid in the infant food (363 mg/100 g) [26] , in cereal grains, legumes and feeds (<0.08 %) [23] were higher than presented in this study.
It is difficult to compare our results with others, because of using different materials, different analytical methods, different preparation of samples. Additionally, analyzing these obtained results and the literature data, we can concluded that the content of oxalates, thiocyanates and phytates in teas, vegetables, fruits or plant material is varied and depends on the genetic, environmental and location factors, e.g., difference cultivar, species, maturity and morphological parts of the plant, region of origin, harvest period, manner and processing technology, agronomic conditions as well as the soil condition or use of fertilizers.
Unfortunately, the obtained results of the determination of individual anti-nutritional substances cannot be compared with the results of other scientists, because in the literature there were no data about analyzed substances in studied Asiatic plant materials. Therefore, the subjects related to the search for methods for the determination of phytates, oxalates, and thiocyanates in plants and food supplements deserve special attention. An important aspect of this is the fact that the supplements should enrich and supplement the human diet with ingredients which have a positive impact on health and body, and not be a source of anti-nutritional substances, which have a completely different effect.
The proposed method of ion chromatography for the simultaneous determination of phytates, oxalates, and thiocyanates in the plant matrix seems to be appropriate, and the proposed methodology can be competitive in relation to conventional methods. An important advantage of the developed methodology for determining is short analysis time (15 min), during which we receive information about the contents of the three tested ingredients. Moreover, samples preparation procedure is not complicated and time consuming. In summary health aspect, it was found that the tested plant materials do not constitute a serious threat to human health when people used only commercially available dietary supplements. However, due to the content of soluble oxalates and other studied substances in food, intake of anti-nutritional components should be controlled and limited, particularly for those people with healthy problem (e.g., kidney dysfunction or the tendency to nephrolithiasis). Additionally, our results may be useful in the planning of rational nutrition and production of dietary supplements.
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